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-The  Imtitute'i  research  program  has  been  concerned  with  evaluating  the 
influence  of  various  stressors ,  physiological  and  psychological,  on  man  and 
subsequently  determining  the  capacity  of  the  individual  to  successfully  adapt  to 
these  environmental  influences*  In  the  process  of  these  investigations  some  42 
peer-reviewed  manuscripts  were  published.  They  have  dealt  with  the  responses  to 
exercise,  cold  and  hot  environments,  hypoxia,  toxicological  substances,  sleep 
jand  psychological  stresses.  The  subjects  for  these  studies  have  included  both 
sexes.  In  general  while  some  facets  of  man's  adaptability  have  been  resolved, 
it  is  clear  that  numerous  problems  remain  to  be  invest  igated.^New  questions 
have  been  raised  consequent  to  the  studies  reported.  Ve  trust  that  in  the 
future  the  research  programs  previously  supported  by  the  Air  Force  Office  of 
Scientific  Research  will  again  be  initiated  in  order  to  fully  Appreciate  and 
utilise  man's  potential  to  successfully  compete  in  the  environnental  conditions 
present  not  only  at  this  moment  but  in  the  future.  ! 
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FINAL  REPORT 

ON  AIR  FORCE  OFFICE  OF  SCIENTIFIC  RESEARCH 
GRANT  AFOSR  78-3534 


(December  1,  1977  through  August  31,  1983) 


The  Institute  of  Environmental  Stress  has  been  pleased  to  have  had 
support  from  the  Air  Force  Office  of  Scientific  Research.  During  the  five  year 
tenure  of  this  grant  we  have  been  able  to  publish  42  peer-reviewed  manuscripts. 
Twenty-two  of  these  have  dealt  with  the  physiological  and  biochemical  responses 
to  environmental  stressors,  ten  have  evaluated  psychological  factors,  seven 
considered  responses  to  toxicological  agents,  two  were  concerned  with  new 
techniques  and  one  was  an  extensive  review  article.  Overall  the  intent  of  the 
research  program  was  accomplished  although  the  number  of  questions  raised  by  our 
research  findings  clearly  indicate  that  our  knowledge  and  appreciation  of  man's 
potential  to  respond  and  adapt  to  stressors  is  incomplete  and  that  further 
research  is  necessary  and  would  provide  productive  information. 

The  research  publications  resulting  from  AFOSR  support  is  attached  as 
Appendix  1.  The  titles  of  the  publications  indicate  the  general  trend  of  the 
research  performed.  It  would  not  be  possible  to  evaluate  each  publication  in 
detail  and  the  summary  given  below  will  only  highlight  some  of  our  findings. 

The  summary  will  in  general  follow  the  pattern  of  the  publications  as  noted 


shove.  1  should  note  that  these  publications  have  been  requested  by  both 
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military  and  civilian  scientists  and  that  we  (as  a  staff)  have  given  numerous 
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presentation*  to  various  audiences*  It  is  appreciated  by  the  staff  that  this  g 
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support  has  also  been  of  value  to  our  graduate  students.  Their  involvement  infe  >- 
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the  research  programs  has  been  effective.  Some  seven  students  have  received  j. 

p  .  j  ■ 

their  Ph.D.  degrees  under  the  program.  Two  of  them  are  associated  with  military}-' 
laboratories  and  the  others  are  moving  rapidly  up  the  academic  ladder.  ^  !'■ 
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Our  research  activities  were  based  on  the  premise  that  the  human's  u  rT 
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adaptative  potential  to  stressors  could  best  be  evaluated  by  determining  the  ?  u  *-■ 
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physiological,  biochemical  and  psychological  alterations  of  individuals  exposed 
to  the  combined  load  of  multiple  stressors.  Although  it  was  necessary  to 
initially  evaluate  the  mechanism  involved  under  the  rigorous  conditions  of  a 
single  stressor,  the  ultimate  answers  could  only  be  obtained  when  subject's 
responses  and  adaptations  are  known,  understood  and  related  to  the  naturally 
occurring  situation  wherein  several  stressors  impact  on  the  organism. 

An  extensive  review  of  the  physiological  changes  occurring  in  man 
exercising  in  cold  environments  provides  information  of  value  to  the  Air  Force 
in  determining  the  potential  impact  on  men  operating  in  such  environments.  This 
exercise  and  cold  manuscript  delineates  the  factors  that  modify  thermoregulatory 
and  circulatory  adjustments  as  a  result  of  exposure  to  low  ambient  temperatures 
as  well  as  the  significance  of  the  development  of  a  hypothermic  state  on  man's 
performance  and  survival.  We  bring  into  perspective  the  incidence  of 
hypothermic  deaths  as  related  to  rest  and  work  in  low  ambient  conditions  as  they 
are  influenced  by  the  aging  process.  Several  of  our  studies  on  individuals 
working  in  cold  have  been  published  and  add  further  information  as  to  the 
adaptability  of  men  (trained  in  different  environments)  to  a  cold  stress. 

We  have  made  numerous  investigations  on  exercise  performance.  One  such 
study  was  concerned  with  the  need  for  and  the  potential  benefits  of  a 
preliminary' warm-up  on  work  performance.  We  concluded  that  although  warm-up 
might  be  useful  for  tasks  in  which  the  initial  work  loads  are  maximal  or 
supramaximal ,  it  is  of  questionable  value  in  endurance  tasks  which  begin  at  a 
high  but  suhmaximal  intensity.  We  were  also  concerned  with  the  question  of  the 
efficiency  at  which  work  is  performed  vhen  someone  ele  determines  the  pace  at 
which  work  is  performed.  We  also  evaluated  changes  in  the  electrocardiogram  of 
individuals  who  perforated  high-intensity  respiratory  strains  such  as  would  occur 
in  situations  where  individuals  fix  their  thoracic  cage.  We  found  a  high 
incidence  of  "wandering  pacestaker." 


Application  of  Institute-developed  techniques  designed  to  measure  the 
response  of  the  adrenal-sympathetic  nervous  system  to  psychological  and  physical 
stressors  has  been  made.  These  approaches  have  led  to  a  better  appreciation  of 
the  levels  of  strain  placed  on  man.  Physiological,  biochemical,  and  thermal 
responses  to  long-term  work  at  either  modest  (30Z  maximum  aerobic  capacity)  or 
severe  (80Z  maximum  aerobic  capacity)  levels  were  made.  Major  emphasis  was 
placed  on  the  recovery  from  such  levels  of  activity  and  the  results  suggest  that 
recovery  of  all  parameters  may  not  occur  for  several  days  post  activity. 

Studies  on  the  combined  stressors  of  work  and  anoxia  were  conducted  on 
both  men  and  women.  These  studies  indicate  clearly  that  women  are  capable  of 
performing  2  hours  of  moderate  work  at  altitude  up  to  523  Torr  as  efficiently  or 
slightly  more  so  than  men.  We  have  conducted  studies  on  exercising  women 
exposed  to  three  different  altitudes,  758,  586  and  523  torr.  The  higher 
altitudes  bracket  the  altitudes  of  the  Air  Force  Academy.  The  percent  decrement 
in  maximum  aerobic  capacity  while  performing  such  maximum  work  at  higher 
altitudes  is  similar  in  both  men  and  women,  clearly  indicating  that  the  combined 
stresses  of  work  and  altitude  result  in  equivalent  physiological  changes.  Women 
can  work  for  extended  periods  of  time  at  the  same  relative  efficiency  as  do  men 
if  the  work  loads  are  carried  out  at  equivalent  levels  of  respective  maximum 
capacities.  This  does  not  imply  that  the  absolute  amount  of  work  accomplished 
will  be  equal,  since  maximum  capacities  of  the  two  sexes  are  different. 

However,  it  is  becoming  evident  based  on  our  present  determinations  of  maximal 
power  of  women,  that  due  to  the  increased  activity  of  women  their  maximal 
capacities  are  increasing  dramatically,  many  of  them  being  in  the  range  of  60-70 
ml/kg/min  oxygen  uptake.  These  levels  are  comparable  to  those  determined  on 
some  men  and  better  than  found  in  many  other  men. 

We  completed  additional  studies  on  the  influence  of  "warm  up"  prior  to 
exercising  at  various  intensities  of  exercise  up  to  maximum.  It  is  apparent 


that  come  doubts  can  be  expressed  as  to  the  physiological  value  of  such 
preliminary  activity  on  the  eventual  performance  at  higher  levels  of  work. 

Since  this  was  a  rather  controversial  area,  ve  intended  to  look  more  completely 
into  the  mechanisms  involved.  We  began  studies  relating  preferred  work  levels 
to  physiological  changes.  Data  from  these  studies  suggested  some  significant 
differences  in  mechanical  efficiency  as  work  levels  are  forced  or  allowed  to 
proceed  at  selected  preferred  levels. 

We  performed  a  series  of  studies  to  describe  the  alterations  in  plasma 
due  to  exercise,  change  of  position,  and  thermal  stress.  Plasma  volumes  are 
altered  by  simple  positional  changes  as  well  as  by  performing  exercise  in 
different  positions  i.e.,  upright,  low  sit,  and  supine.  Plasma  volume  decreases 
were  observed  during  the  change  from  a  supine  to  an  erect  posture.  Stability  of 
plasma  volume  following  change  in  posture  requires  some  20-30  minutes  in  the  new 
posture.  Maximum  shifts  in  plasma  volume  [resulting  from  exercise  (max)  and 
various  combinations  of  hot  exposure  and  exercise}  are  approximately  20  percent. 
This  loss  of  plasma  results  in  a  marked  reduction  in  circulating  blood  volume. 
The  impact  of  the  increased  blood  viscosity  on  the  circulatory  system  is 
evident.  We  have  also  investigated  the  question  as  to  whether  or  not  hypoxia 
(which  is  said  to  alter  capillary  permeability)  with  or  without  additional 
stress  of  exercise  would  alter  the  pattern  of  plasma  volume  shifts.  Exercising 
at  high  altitudes  induces  shifts  in  plasma  volumes  similar  to  those  found  at  sea 
level.  Other  studies  of  individuals  exercising  at  high  altitudes  were  conducted 
with  particular  reference  to  the  effects  of  carbon  monoxide. 

One  study  is  of  particular  relevance  to  Air  Force  operations  since  it 
concerns  itself  with  the  physiological  responses  of  individuals  both  resting  and 
working  in  the  heat  (49.5*C  dry  bulb  and  28.9  torr  vapor  pressure). 

Additionally  it  addresses  the  important  factor  of  posture  i.e.  whether 
individuals  are  in  the  upright  posture,  in. a  semierect  posture  (as  in  a  plane) 


or  supine.  The  time  course  of  whole-body  sweating  and  thermal  regulation  during 
rest  and  exercise  in  three  body  positions  (30  and  45%  Vc,,  max)  was 
investigated.  Exercise  was  performed  in  the  upright,  low  sit,  and  supine 
positions  (the  latter  two  positions  are  approximately  related  to  the  position  of 
pilots  in  their  planes).  Body  temperatures  were  highest  in  the  supine  and 
lowest  in  the  upright  posture.  Body  posture  did  not  modify  total  sweat 
production  but  the  percentage  of  evaporated  sweat  varied. 

The  relative  percentages  of  total  sweat  evaporated  were  65,  51,  and  46% 
respectively  for  the  upright,  low  sit,  and  supine  positions.  Furthermore,  we 
observed  that  evaporative  heat  loss  was  not  100Z  effective  in  cooling  the  skin 
surface  area,  since  sweat  probably  did  not  evaporate  from  the  skin  surface 
directly  but  from  the  surface  of  the  sweat  layer  accumulated  on  the  skin. 

Thermal  balance  and  load  are  markedly  influenced  by  the  posture  during 
which  exercise,  even  at  a  light  level,  is  being  performed.  The  greatest 
increases  in  body  temperature  are  seen  in  the  supine  position  and  the  least  in 
the  upright  postures.  This  can  be  accounted  for  by  the  marked  reduction  in 
evaporative  sweat  in  the  supine  position.  Whether  or  not  this  may  become  an 
important  factor  in  pilot  operation  remains  to  be  determined  under  actual 
conditions.  It  is  our  impression,  however,  that  more  attention  will  need  to  be 
given  to  the  combined  effects  of  exercise,  that  and  assumed  posture.  There  are 
no  marked  differences  in  response  during  rest  periods  in  the  hot  environment 
except  for  alterations  in  evaporative  sweat  rates  which  are  influer :ed  by 
posture  being,  as  expected,  greater  in  the  upright  position  where  a  greater  body 
surface  area  is  available  for  evaporation.  Plasma  volume  shifts  are  markedly 
influenced  by  changes  in  posture.  Further,  plasma  losses  occur  if  exercise  is 
superimposed ,  i.e.  if  exercise  is  performed  in  different  postures.  However,  it 
appears  that  there  is  a  maximum  loss  that  can  occur.  Interestingly,  the  total 
amount  lost  is  approximately  one  quarter  of  the  total  plasma  volume.  The  impact 


of  such  losses  on  performance  have  not  yet  been  determined  although  some 
suggestive  data  indicates  that  this  may  not  present  a  problem.  Apparently  the 
maintenance  of  an  adequate  oxygen  transport  (since  erythrocytes  are  not  lost) 
provides  adequate  adaptation.  The  only  remaining  concern  is  the  impact  of  the 
increased  blood  viscosity  on  the  functioning  of  the  heart.  Since  the  amount  of 
plasma  in  the  circulating  blood  volume  is  modified  by  posture  alone,  this 
observation  has  some  interesting  clinical  import.  It  clearly  suggests  that 
measurements  of  plasma  constituents  could  be  in  error  depending  upon  the  posture 
of  the  patient  at  the  time  of  blood  sampling  as  well  as  the  time  in  that 
position  prior  to  the  blood  sampling.  Variations  of  concentration  in  plasma 
constituents  could  be  in  excess  of  16  percent.  Such  variability  can  be  of 
significance  in  certain  clinical  situations. 

One  aspect  of  our  research  vas  concerned  with  the  effects  of  two  types 
of  exhaustive  exercise  on  nocturnal  sleep  and  cardiovascular  functions. 

Subjects  performed  (a)  maximal  work  which  can  be  completed  in  20-25  minutes,  and 
(b)  submaximal  (50-752  of  maximal  effort)  work  of  3-4  hours  duration.  Each 
subject  sleeps  four  nights  -  an  adaptation  night  (just  instruments  and 
information  recorded  but  not  used),  a  baseline  night,  an  exercise  night,  and  a 
recovery  night.  This  regime  requires  a  total  of  eight  nights  for  each  subject. 

He  have  completed  evaluating  the  effects  on  nocturnal  sleep  patterns  of 
an  acute  bout  of  high- intensity  exercise  (50-752  of  VOj  max),  carried  to  the 
point  of  volitional  exhaustion.  Five  female  and  four  male  subjects  participated 
for  four  consecutive  nights,  with  exhaustive  exercise  performed  on  the  afternoon 
of  day  3.  Subjects  were  moderately  active  and  moderately  fit  (mean  VO ^  max 
*  46 .8  ml/kg) . 

The  exercise  intervention  evoked  marked  effects  on  the  quantity  and 
temporal  distribution  of  SWS  (stages  3+4).  SHS  prior  to  the  first  REM  period 
increased  from  a  mean  of  31.3  minutes  to  47.4  minutes.  Stage  4  sleep  increased, 


as  did  total  SWS.  Latency  to  stage  4  decreased  as  well.  Coupled  with  the 
enhanced  accumulation  of  SWS  early  in  the  night  was  a  significant  increase  in 
latency  to  first  REM  onset,  a  decrease  in  the  length  of  the  first  REM  period, 
and  a  decrease  in  the  length  of  the  first  REM  cycle.  The  increases  in  SWS  were 
largely  at  the  expense  of  total  REM  sleep,  which  decreased  significantly  after 
exercise.  All  of  these  sleep  variables  returned  to  baseline  levels  on  the 
recovery  night  after  exercise. 

The  magnitude  of  the  increase  of  SWS  prior  to  the  first  REM  period  was 
sex-related,  with  this  increase  averaging  +24.0  minutes  for  women  and,  for  men, 
+5.7  minutes  (t^  ■  5.76,  jP  <  0.001).  Moreover,  for  women  a  correlation  of 
0.85  (P  <  0.05)  was  observed  between  this  increase  and  total  caloric 
expenditure  (expressed  as  kcal/kg).  In  contrast,  no  apparent  correlation  was 
observed  in  men. 

The  results  suggest  that  exhaustive  exercise  affects  sleep  primarily  in 
the  early  portion  of  the  night,  inducing  an  increase  in  SWS  "pressure"  at  the 
expense  of  REM  sleep.  Changes  in  the  duration  of  SWS  prior  to  REM  onset  may  be 
the  most  sensitive  indicator  of  exercise  effects  on  sleep,  since  this  change 
relates  most  strongly  to  total  energy  expenditure.  The  sex  differences  in 
response  to  exercise  were  unexpected  but  did  not  seem  to  be  related  to 
differences  in  exercise  performance,  fitness,  or  habitual  activity  levels. 

Impedance  cardiography  was  used  to  provide  measures  of  heart  rate, 
stroke  volume,  and  cardiac  output.  These  variables  were  sampled  at  "lights  out 
(baseline),  sleep  onset,  and  each  half  hour  throughout  the  night.  On  the 
exercise  night,  heart  rate  was  initially  elevated  over  baseline  nights,  and 
remained  elevated  throughout  the  whole  night.  An  elevated  cardiac  output  was 
observed  in  the  early  portion  of  the  night,  due  prisiarily  to  the  increase  in 
heart  rate.  These  observations  are  of  considerable  significance,  since  on 
non-exercise  nights  cardiac  output  reaches  a  low  point  (approximately  40-50Z 


reduction)  at  0300  to  0500  hours.  The  higher  levels  observed  during  exercise 
nights  were  unexpected  and  suggest  that  an  increased  cardiovascular  load  may 
interfere  with  successful  recovery. 

We  have  also  investigated  the  influence  of  psychological  stress 
(specifically  the  response  of  individuals  required  to  present  a  seminar  to  their 
peers)  on  the  relationship  between  cardiac  output  and  associated  cardiovascular 
and  oxygen  uptake.  In  these  situations  cardiac  output  and  heart  rate  increased 
without  an  associated  elevation  of  oxygen  uptake.  This  suggested  a  j  ;ible 
dissociation  between  hemodynamic  and  metabolic  variables.  This  stud  -as  a 
follow-up  of  an  earlier  study  in  which  we  found  that  heart  rates  co\  Attain 
values  approximately  90Z  of  the  individuals  (coaches)  who  were  simply  fitting 
while  supervising  the  activities  of  their  respective  teams  during  competitive 
events.  The  potential  significance  of  such  exceedingly  high  cardiovascular 
strain  in  individuals  anticipating  various  activities  in  the  development  of  high 
stress  loads  is  obvious.  Further  evaluation  of  these  physiological  changes  can 
provide  significant  information  on  stresses  imposed  on  air  crews  awaiting  an 
assignment. 

Exposure  to  carbon  monoxide  at  levels  postulated  to  occur  in  helicopters 
and  in  other  situations  had  minimal  effects  on  vigilance.  However,  such 
exposure  (51  HbCO)  significantly  decreased  the  subjects'  confidence  concerning 
their  performance  on  the  vigilance  task.  Other  reports  were  concerned  with 
perception  of  stress — developing  a  conceptual  aiodel  of  man's  responses  to 
environmental  stress.  The  iapact  of  an  increased  cardiac  output  and  elevated 
heart  rate  in  what  may  be  considered  minor  levels  of  stress  was  evaluated.  It 
was  clearly  identified  to  be  associated  with  psychological  parameters  and  not 
related  to  metabolic  factors. 

We  developed  new  and  comprehensive  computer  systems  to  evaluate 
cardiovascular  function.  This  includes  two  different  uses  of  computer 
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interaction  based  on  a  real-time  analysis  of  events.  In  the  first  unit,  we  have 
utilized  a  new  display  unit  (Genisco)  which  not  only  records  (in  multiple  color 
outputs)  all  circulatory  parameters  measured  but  simultaneously  calculates  a 
variety  of  derivative  functions.  At  one-minute  intervals,  trend  plots  of  the 
accumulated  direct  and  derived  data  are  displayed.  At  the  conclusion  of  the 
experiment,  hard  copies  are  immediately  available.  All  data  can  be  checked 
again  at  this  time  and  are  reviewed  for  completeness,  providing  information  not 
available  in  any  other  known  system.  Our  second  system  is  an  independent 
microprocessor  unit  which  was  designed  to  obtain  circulatory  data  (and 
eventually,  in  combination  with  another  microprocessor  being  developed,  will 
have  all  metabolic  data  also  on-line)  during  exercise.  It  is  postulated  that 
this  second  system  can  be  eventually  developed  so  that  the  performance 
capability  of  man  can  be  determined  easily  under  field  conditions. 

It  is  apparent  that  ve  have  been  most  productive  not  only  in  the  general 
area  of  stress  responses  but  in  the  ares  relating  work  pc  -formance  to  the 
overall  physiological  and  psychological  responses  and  adaptations  occurring 
under  a  variety  of  additional  stresses.  All  of  our  research  was  based  on  the 
concept  that  man  is  subjected  to  multiple  stresses  and  his  adjustments  to  such 
should  be  the  basis  of  studies  on  man  under  stress. 
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